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We report on photocurrent noise in AlGaAs/GaAs quantum-well infrared photodetectors having
nominally the same design, except the number of wells N . The power spectral density does not scale
as the inverse of the number of wells N in the presence of infrared radiation. These features can be
understood by taking into account the nonlinearity arising at high infrared power as a consequence
of the nonuniform potential distribution through the quantum-well structure. © 2003 American
Institute of Physics. @DOI: 10.1063/1.1581388#The analysis of current noise, carried out in the most
appropriate experimental conditions, is crucial to achieve a
deeper insight into the charge transport dynamics of opto-
electronic devices. Current noise has been therefore exten-
sively investigated from the theoretical and the experimental
points of view, as a function of bias, number of quantum
wells, and temperature in n-type and p-type quantum-well
infrared photodetectors ~QWIPs!.1–10
A study of noise in the presence of IR radiation has not
appeared so far, in spite of the interest for applications. In
this work, results of photocurrent noise in n-type AlGaAs/
GaAs QWIPs with nominally the same structure, layer
width, and composition, but different number of wells, will
be reported.
Let us first recall a few relationships useful for the dis-
cussion of the photocurrent noise spectra, without, however,
aiming to cover the whole issue of noise theory in QWIPs.
The excitation of an electron from the bound to the con-
tinuum state and its drift towards the collector increases by
one the number of positive charges in the QW layer. The
main result is the enhancement of the potential drop between
the QW and the emitter barrier and also of the probability of
injection of a subsequent electron. If the current pulses were
uncorrelated, they would have been emitted at Poisson dis-
tributed rate; in the case of the just-described modulation
mechanism, the probability distribution is not a simple expo-
nential. The expression of the current noise power spectrum
for a single QW period (N51) has been deduced in Ref. 5:
SI~ f !52eI14eS 1pc 21 D nD dIdnD 1~2p f tQW!211 . ~1!
In the previous relationship, I is the average current, pc
is the capture probability of the well, nD is the average num-
ber of charges emitted from the QW ~i.e., the net positive
charge due to the depleted states in the QW!, dI/dnD is the
derivative of the emitter current with respect to the charge
emitted ~or captured! in the well. tQW is the QW recombina-
tion lifetime. The second term on the right side of Eq. ~1! is
a!Electronic mail: anna.carbone@polito.it4290003-6951/2003/82(24)/4292/3/$20.00
Downloaded 05 Feb 2004 to 130.192.10.151. Redistribution subject tthe modulation noise source related, respectively, to the fluc-
tuation processes in injection at the emitter barrier.
It can be demonstrated that the previous relationship,
under several limiting assumptions ~absence of contact ef-
fect, fully drift regime (nDdI/dnD5I) and, at low frequen-
cies (2p f tQW!1), yields the expression of noise gain
worked out in Refs. 1 and 2. Furthermore, by assuming that
the current noise generators, corresponding to each QW pe-
riod, are completely uncorrelated, the noise of a multi-
quantum-well infrared photodetectors can be obtained by
simply adding N identical noise sources:
SI~0 !N5
4eI
N F 1pc 2 12G . ~2!
It has been already pointed out that the previous equa-
tion is unable to fully describe the behavior of noise in
QWIPs,3–8,10 due to the several simplifying assumptions. In
the present work, we will add further evidence of the inad-
equacy of Eq. ~2! through the analysis of photocurrent noise.
At the same time, we will demonstrate the noise ability to
yield an in-depth insight in the optoelectronic properties of
QWIPs. We have indeed found that the relative photocurrent
noise power spectral density exhibit a nonmonotonic behav-
ior with the number of wells ~Fig. 3!. These features can be
understood by taking into account the nonlinear electric field
distribution through the QW structure.11–15
Dark and photocurrent noise measurements have been
carried out on AlxGa12xAs/GaAs QWIPs with different
number of wells. The QWIPs have, respectively, 4, 8, 16, and
32 wells. The wells are 62-Å wide and are separated by
barriers of 241 Å. The barriers were undoped and the QWs
were center d-doped with silicon to about 931011 cm22.
The barrier x value is 0.25. The GaAs contacts were doped to
1.531018 cm23. The QWIPs have an area of 240
3240 mm2. During the measurement, the device was placed
in a double-shield high-vacuum cryostat, allowing tempera-
ture variation from 20 K to room temperature. The internal
shield, which surrounds the device, is kept at 150 K. This is
the temperature of the radiating background. In this condi-
tion, the background limited infrared performance tempera-
ture (TBLIP), determined in the range of the applied biases2 © 2003 American Institute of Physics
o AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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noise for AlGaAs/GaAs QWIPs with N54,8,16,32.
The spectra are 1/f a with a.1 at low frequencies and
flat at higher frequencies. Curves refer to a temperature
T590 K and a current I51.0 mA. The 1/N behavior,
expected by the model, is accurately found over the
whole range of measured frequencies and currents.reported here, varies from 100 to 110 K. Since we are inter-
ested in studying the effect of the IR power on noise, all the
measurements are performed at temperatures lower than 100
K so that the photocurrent noise exceeds the background
one. The IR radiation impinging on the sample, is produced
by a blackbody source kept in the same vacuum system.
In Fig. 1, the power spectral density of the dark-current
noise measured at a temperature T590 K and with a current
I51.0 mA is plotted. The power spectra are 1/f a-sloped at
low frequencies ~up to about 1 kHz! and white above. They
vary almost exactly as 1/N , in agreement with the Eq. ~2!. It
can therefore be deduced that charge transport is dominated
by pure drift and the correlation effects are negligible in this
condition. In Fig. 2, the photocurrent noise power spectral
density is plotted for the same temperature and current as
Fig. 1. Samples were irradiated by constant IR power:
P(hn)515 mW. Note that the current here is the total cur-
rent including both dark and photocurrent components. In
this case, the 1/N scaling rule does not hold. The curves
plotted in Figs. 1 and in 2 are only two examples of an
extensive set of measurements summarized in Fig. 3. Here,
the values of the normalized power spectral density SI/4eI/N
have been plotted as a function of the current I . Dashed
curve represents the quantity SI/4eI/N in dark condition. It is
independent of N , confirming that since the QWIPs have theDownloaded 05 Feb 2004 to 130.192.10.151. Redistribution subject tsame growth sequence, 1/pc is constant, and the transport
regime is dominated by drift. In the same figure, the symbols
correspond to the noise data in the presence of constant IR
radiation, respectively for the N54 ~s!, the N58 ~,!, the
N516 ~h!, and the N532 ~n! devices. In this case, the
quantity SI/4eI/N changes with N .
In Fig. 3, the quantity 1/pc has been also plotted as a
function of the current I . It has been evaluated, in the same
experimental conditions as noise measurements, according to
the following procedure. The responsivity Ri is defined as
the ratio of the photocurrent @I(E)2Idark(E)# to the incident
radiation power P(hn). It can be written as Ri
5(e/hn) hgphoto , where gphoto51/Npc is the photoconduc-
tive gain and h is the quantum efficiency, that can be ex-
pressed in terms of N and of the one-period quantum effi-
ciency hp as Nhp . By taking into consideration these
relationships, one yields Ri5(hpe/hn)(1/pc) and the quan-
tity 1/pc can be extracted from the data of Fig. 4.
According to the Eq. ~2!, the quantity SI/4eI/N should
be independent of N if the capture probability pc is constant
for each value of the current I ~linear photoconductive re-
gime!. We found that, for a fixed value of the average cur-
rent, SI/4eI/N is not constant under IR radiation. SI/4eI/N
takes its minimum for N54, increases for N58, and finally
decreases again with N . Moreover SI/4eI/N does not behaveFIG. 2. Power spectral densities of the photocurrent
noise for AlGaAs/GaAs QWIPs with N54,8,16,32.
Temperature and current are the same as in Fig. 1. The
IR radiation power impinging on the samples is 15 mW.
As for the dark power spectral densities, the noise spec-
tra are 1/f a at low frequencies and flat at higher fre-
quencies, but, in this case, the 1/N behavior is not ob-
served.o AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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1.5 as the cur-
rent I increases, for each value of N . It has been already
observed that a redistribution of the potential takes place
under IR radiation, causing the QWIP responsivity to depend
on N , on frequency and on light intensity.11–15 The electric
field increases at the barriers close to the emitter, at the ex-
pense of the barriers close to the collector, in order to bal-
ance the charge flow due to the drift towards the collector.
This results in ~1! the enhancement of the charge emission
process at the emitter ~gain! and ~2! the hampering of the
electron drift towards the electrodes ~suppression!. Both ef-
fects are stronger in QWIPs with smaller N , but the former
enhances and the latter reduces the current. The maximum
photocurrent per incident power should thus be expected at
an intermediate number of wells, causing the nonmonotonic
dependence of 1/pc on N shown in Fig. 3. The occurrence of
nonlinearities in the potential distribution is responsible for
the onset of correlations among the noise sources, that, if
correctly taken into account, should give rise to higher pow-
ers of 1/pc .
In summary, we have found that, for QWIPs having the
same design except N , the photocurrent noise power spectral
FIG. 3. Normalized current noise power spectral density at f 520 Hz in the
dark ~dashed line! and under IR light ~line1 hollow symbol! for QWIPs,
respectively, with N54,8,16,32. All the values are referred to the four-well
sample at I50.2 mA under IR radiation (line1circle). The inverse capture
probability vs current has also been plotted (line1filled symbol!. Tempera-
ture is 90 K. It can be noticed that, while in the dark, SI/4eI/N is a constant,
as it should be if pc is constant for all the devices, under IR light, SI/4eI/N
depends on N . As N varies, the set of the power spectral densities SI/4eI/N ,
at a given value of the current I , roughly follows that of the inverse capture
probability. These features can be accounted for by considering the effect of
the nonlinear potential distribution on the current noise.Downloaded 05 Feb 2004 to 130.192.10.151. Redistribution subject tdensity does not scale as the inverse of the number of wells
N as it does in dark condition for the same value of the
average current. Such anomalies might be ascribed to the
potential nonlinearity causing the capture probability pc to
be dependent on N , instead of being constant as expected for
ideal QWIPs. The correlation degree is higher as the poten-
tial nonuniformity is stronger, the photocurrent noise spectra
at lower temperatures and biases exhibit indeed even more
deviation. The main conclusion is that the assumption of
pure drift regime and independence among the noise sources
should be abandoned in favor of a photocurrent noise model
able to reproduce the reported features.
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